W ith approximately 165 million people aged 60 years and older, China has the largest population in the world of people in this age group. It is estimated that this population will increase to 400 million people by 2050. 1 The increasing number of older people poses tremendous societal challenges with respect to health care needs and utilization. Although the majority of these individuals are still embedded in the traditional Chinese culture and receive care from family members, a nationwide shift can be observed from traditional care to institutionalized care. 2 Currently, approximately 1.5% of older people in China live in care homes and apartments for older people, but this percentage is expected to increase in the coming years. 3 In a previous article, the present authors reported on the dental status of a population of older people living in care homes. It was found that the vast majority of dentate people had caries (up to 90% for those aged 80 years and older) and one or more missing teeth (up to 98% for people aged 70 years and older). 4 The mean number of teeth present resulted in high percentages of dentitions comprising fewer than 20 teeth: 28 at 60 years to 88 at 90 years of age. However, a large number of people had tooth replacements. When both natural and artificial teeth are counted in this population, the percentages of people with fewer Prosthodontic Replacement in an Institutionalized Dentate Population than 20 teeth was considerably lower: 4 at 60 years and 16 at 90 years of age.
Tooth replacements are intended to restore reduced dentitions and enhance oral function. To assess oral functionality, a systematic review provided circumstantial evidence that in addition to the number of teeth, tooth type, tooth location, and number of occluding pairs determine oral function. 5 Based on this review, a hierarchical dental functional classification system (HDFC) was developed that classifies dentitions according to these variables. 6 This system has been validated for the Chinese population with respect to chewing ability and can be used to quantify the effectiveness of tooth replacement at population level. 7 In the present study, the aim was to assess the degree of tooth replacements in a group of elderly care home residents and to analyze the effectiveness of these replacements by applying HDFC.
Materials and Methods

Participants
The present study was conducted in Qingdao City, located at the east coast of Shandong Province, Eastern China. A purposive sample of eight elderly care homes (ranging from 33 to 359 residents; total number of residents = 1,226) in different districts in Qingdao City was selected on the basis of accessibility and convenience. Information on the purpose and procedures of the study was provided to the management of the care homes and their residents. The aim was to include a total of 500 participants.
All residents were visited room by room and invited to participate. A total of 512 people (42% of the total population of the visited elderly homes) capable of communication and with no life-threatening conditions agreed to participate. The number of participants per care home ranged from 7 (21% of the residents of that particular care home) to 171 (86%); 66% were women. The study was carried out in compliance with the Helsinki Declaration. Prior to the start of the study, the ethics committee of the Affiliated Hospital of Medical College, Qingdao University, approved the study protocol.
Clinical Data
According to the study protocol, verbal informed consent was obtained from each participant before entering the study. Two calibrated dentists trained by an experienced researcher performed an oral examination following the procedures and diagnostic criteria recommended by the World Health Organization. 8 In the present study, of all variables recorded only the presence of teeth (including third molars), tooth type, number and location of posterior occluding pairs (POPs), and tooth replacements were considered. Interobserver agreement among the experienced researcher and the two observers on these variables was good (all kappas ≥ 0.8). Retained roots were considered nonfunctional and candidates for replacement, and therefore considered missing teeth. Replaced teeth were recorded as missing teeth replaced by fixed dental prostheses (FDPs) or partial removable dental prostheses (PRDPs).
Participant dentitions were classified using the HDFC system. The criteria in this dichotomized fivelevel branching hierarchy system are based on number and type of the present natural teeth and number of POPs and have been described previously; however, for convenience they are presented in Table 1 . 6 
Data Analysis
Participants being edentulous in one or both jaws were excluded from the analyses. Next, two steps were undertaken. The first step was to classify the dentitions considering natural teeth only. For each level in the branching hierarchy, percentages of participants meeting and not meeting the classification criteria were calculated. Mean numbers of natural teeth and POPs were calculated for three age groups (60-69 years, 70-79 years, and ≥ 80 years). Intraclass correlation coefficients (ICCs) were calculated as a measure of the homogeneity of the groups after dichotomization at each level with respect to teeth (ICC-t) and number of POPs (ICC-p).
In the second step, tooth replacements were considered. For all categories in the HDFC, the mean number of teeth replaced by FDPs and PRDPs, respectively, were calculated per age group and added to the mean number of natural teeth. The mean number of POPs added by FDPs (F-POPs) and PRDP (R-POPs) were also calculated per age group for each category in the classification system. If, on the basis of teeth added by FDP or PRDP, a subject could be reclassified to a category reflecting higher functionality (ie, from not meeting the level-specific criterion to meeting the particular criterion), this was considered a promotion.
A promotion was considered an indicator for prosthodontic effectiveness in terms of added value in the HDFC system. The value 1 was given for a promotion to category 'sufficient molar region'; value 2 for a promotion to category 'sufficient premolar region'; 3 for promotion to 'complete anterior region'; and 4 for promotion to category '≥ 10 teeth in each jaw.' When subjects were reclassified to more than one level higher in the HDFC system, the values were summed (eg, for a promotion from category 'insufficient molar region' to 'sufficient molar region' [value = 1 point] and to 'sufficient premolar region' [value = 2 points] by restoring an impaired molar region and an impaired premolar region with tooth replacements, the values were summed for a total score of 3 points). Two-sided t test was used to determine the statistical significance of comparisons of the promotion values of FDPs and PRDPs.
Details of the HDFC system and functional promotions were provided in a previous report. 7 
Results
Of the total sample included in the study (n = 512), 75% (n = 384) of the participants were dentate in both jaws; 25% (n = 128) were edentulous in one or both jaws, with 58 participants (11%) completely edentulous. More than half (62%) of the participants were aged 80 years or older (Table 2) .
Natural Teeth Present and POPs
The classification of participants who were dentate in both jaws according to HDFC resulted in varying homogeneity within the groups with respect to number of natural teeth and POPs present (Fig 1) . The highest ICCs, indicating good group homogeneity, were found at level II (≥ 10 teeth in each jaw): 0.807 ± 0.014 for the number of teeth (ICC-t) and 0.801 ± 0.022 for number of POPs (ICC-p). The lowest homogeneities were found for the level III (anterior region complete) in the branch '≥ 10 teeth in each jaw' (ICC-t = 0.184 ± 0.070; ICC-p = 0.000 ± 0.250).
Only 20% of the participants dentate in each jaw met all criteria for a sufficient functional dentition (meeting all cut-offs up to level V) and 42% met none of the criteria. Of participants dentate in both jaws, 47% had at least 10 teeth in each jaw; of these, 62% (29% of all participants dentate in both jaws) had an intact anterior region (Fig 1) . Overall in the '≥ 10 teeth in each jaw' branch, the mean number of teeth was 26.3 ± 2.9 and the mean number of POPs was 6.2 ± 2.0. In the branch '< 10 teeth in each jaw,' these figures were 13.4 ± 5.5 and 1.1 ± 1.5, respectively.
Participants aged 60 to 69 years meeting the criterion '≥ 10 teeth in each jaw' had a mean of 27.3 ± 2.7 teeth present and 6.7 ± 1.8 POPs. For the age group 80 years and older, these numbers were 25.8 ± 2.9 and 5.9 ± 2.0, respectively. In the branch '< 10 teeth in each jaw,' participants in the age group of 60 to 69 had a mean number of 13.8 ± 3.4 teeth present and 0.7 ± 0.8 POPs.
For the age group of 80 years and over these numbers were slightly different (12.4 ± 5.5 and 0.8 ± 1.2). In Fig 1, categories with relatively low prevalence (in the '≥ 10 teeth' branch the categories not meeting the criteria, and in the '< 10 teeth branch' the categories that met the criteria) were not further dichotomized to the next level.
Tooth Replacements
Of all participants with ≥ 1 tooth in each jaw (level I), 214 (56%) had 1 or more teeth replaced by a FDP, a PRDP, or both: 31% had a FDP (n = 120) and 36% (n = 140) had a PRDP (Table 3 ). The majority of participants with FDPs (n = 70) had a FDP that added 1 or 2 teeth. Most participants with PRDPs had 3 or more teeth added; 91 participants (65%) had PRDPs that added 7 or more teeth. Figure 2 presents mean numbers of teeth and POPs based on natural teeth only and on natural teeth plus tooth replacements, according to HDFC category and age group. Of the participants, 46% met all criteria for a sufficient functional dentition and 18% met none of the criteria. The figure demonstrates low numbers of The average number of teeth added in this branch was 1.1 ± 1.9: 55% (0.6 ± 1.1) by FDP and 45% (0.5 ± 1.6) by PRDP. In the '< 10 teeth in each jaw' branch, 8.2 ± 7.8 teeth were added: 86% (7.1 ± 7.8) by PRPD and 14% (1.1 ± 2.1) by FDP. In this branch, the highest number of teeth added (8.9 ± 8.1) was found in the category 'molar region insufficient. 
Effectiveness by Promotions in the HDFC
Of participants having tooth replacement (FPD, PRPD, or both), 76% (163 subjects) were promoted to a higher level in the HDFC system. Of participants with FDPs, 46% were promoted; of those having PRDPs, 83% were promoted to a higher level in the HDFC system (Table 4 ). The mean number of teeth added in the promoted participants was 10.3 ± 6.9. In participants promoted by means of FDP the mean number of teeth added was 3.6 ± 2.5; participants promoted by means of PRDP had 11.9 ± 6.5 teeth added. Teeth added by PRDP resulted in promotions at all levels of the HDFC (ranging from 48% by PRDP replacing anterior teeth to 60% by PRDP replacing premolar teeth). Participants with FDPs predominately were promoted as a result of teeth added in the anterior and premolar regions (27% and 20%, respectively). The largest difference between FDP and PRDP promotions can be seen in the molar region. In this region, FDPs resulted in promotions in 8% of eligible participants, compared with 61% for PRDPs. The mean promotion value was significantly higher (P < .001) for participants with teeth added by PRDP (mean promotion: 5.8 ± 3.7) compared with participants having FDP (mean promotion: 1.8 ± 2.5). The mean promotion value for all participants (with and without promotion) per tooth added by means of FDP was 0.7 ± 1.0; for PRDP this value was 0.6 ± 0.6. However, this difference was not significant (P = .840). Considering only participants with promotions, the mean promotion value per tooth added was significantly higher for participants with FDPs than for those with PRDPs (1.4 ± 1.1 and 0.8 ± 0.5, respectively; P < .001).
Discussion
Sample
This study investigated the dental functional status with and without prosthodontic replacement of missing teeth among a purposive sample of institutionalized older people living in eight nursing homes in Qingdao, Shandong Province, China. To date, detailed information on the prosthetic situation of institutionalized elders in China is lacking. Although a purposive sample was used for this study, the authors consider the outcomes valuable information for authorities responsible for oral health care and its utilization. Differences in care home sizes and participation rates for each nursing home might have caused biases. However, to the authors' knowledge there were no systematic differences between the small and large care homes, such as participation rates, population compositions, or care facilities. Promotion to functional level (value) n (%) a n (%) n (%) II ≥ 10 teeth in each jaw (4) 109 (51) 16 (13) 90 (64) III Anterior region complete (3) 108 (50) 32 (27) 67 (48) IV Sufficient premolar region (2) 110 (51) 24 (20) 84 (60) V Sufficient molar region (1) 99 (46) 10 (8) 86 (61) Mean ( Promotion values: 1 = promoted to sufficient molar region; 2 = promoted to sufficient premolar region; 3 = promoted to anterior region complete; 4 = promoted to ≥ 10 teeth in each jaw. a % of subjects eligible for promotion to the respective functional levels. b Including subjects with no promotion; promotion value = 0. *Significant difference, P < .001. **No significant difference, P = .840.
HDFC
The importance of tooth replacement in Chinese elders has been illustrated in a previous report. 4 In that study, investigating the dental status of the same sample as the present study, it was found that the percentage of dentate older people having at least 20 natural teeth varied from 70% at the age of 60 to 12% at the age of 90. Tooth replacement increased these percentages to 96% and 84%, respectively. 4 The present study elaborates the extent of missing teeth and applied tooth replacements, and the effects in terms of oral functionality. The assessment of oral functionality as used in this study is based on the systematic review of Gotfredsen and Walls, 5 of which the main conclusions-assigning different functional characteristics to different tooth types-are reflected in HDFC. [5] [6] [7] As in previous studies in adult general populations, homogeneities after dichotomization of the groups of institutionalized elders in the present study were moderate to good. 6, 7, 9 This indicates that HDFC can be used not only for the general population, but also to classify dentitions of institutionalized older adults.
Tooth Replacements
Comparison of the findings of the present study among institutionalized older people in Qingdao City with the epidemiologic findings among the general population aged 40 years and older in urban and rural areas in Qingdao District shows some interesting differences. The prevalence of complete edentulousness in the present study was 11%, while in the general population aged 40 years and over it was 4%. 10 Among the institutionalized elders, 25% were edentulous in one or both jaws, compared with 8% in the general population. The percentage of people (dentate in each jaw) with fewer than 10 teeth in each jaw also was substantially higher at 53% versus 17% in the general population. These comparisons indicate a factor of approximately 3 with respect to the prevalence of reduced dentitions and edentulousness in institutionalized elders compared with the general population aged 40 years and older in this area. Compared with studies of institutionalized elders in other countries, the prevalence of complete edentulousness in the present study is strikingly lower (eg, 43% in Norway, 50% in Italy, 34% in Spain, and 46% in Poland). [11] [12] [13] [14] As a result of tooth replacements the percentage of participants having at least 10 teeth in each jaw increased from 47 to 76 and the percentage of participants meeting all functional criteria increased from 20 to 46 (Figs 1 and 2 ). This 26% increase in participants meeting all criteria resulted from tooth replacements in 56% of the dentate participants. This means that approximately half of the tooth replacements were effective for meeting all criteria for a functional dentition.
Given the high number of teeth present among the participants with at least 10 teeth in each jaw, only a few teeth were replaced in this branch. In contrast with the general population, a relatively low percentage of missing teeth (55%) were replaced by FDPs versus 82% in the general population. 7 It is unclear whether this difference is due to a cohort effect or whether this points at previously failed FDPs that were replaced subsequently by PRDPs. In the branch '< 10 teeth in each jaw,' 86% of missing teeth were replaced by PRDPs, which is more than in the general population (66%). In the present sample, the distribution of the number of replaced teeth per FDP was similar compared to that in the general population, whereas the distribution of the number of replaced teeth per PRDP pointed at higher numbers of replaced teeth than in the general population. 7 In the '< 10 teeth in each jaw' branch, on the basis of number of natural teeth (on average just slightly more than 13) and natural POPs (on average just slightly more than 1) most dentitions can be considered functionally impaired. PRDPs in this branch added 3.1 to 3.7 POPs, restoring the dentitions to 3.8 to 4.7 POPs. These numbers are similar to what has been found for the general population aged 60 years and older. 7 This similarity indicates an equal utilization level of prosthodontic care for community-dwelling and institutionalized older people in the Qingdao area. However, PRDPs in the institutionalized population comprised an average of approximately 7 artificial teeth to restore up to this number of POPs, while in the community-dwelling elders PRDPs comprised an average of 4.5 artificial teeth to achieve this. 7 As for the general population, tooth replacements in the '> 10 teeth in each jaw' branch in this sample had almost no effect on the number of POPs.
In the present study, 76% of the participants were promoted as result of tooth replacement, which indicates effective prosthodontic tooth replacement. This percentage is higher than that found for the general population (60%). 7 Although the percentages of promotions by PRDP did not differ substantially, PRDPs in the institutionalized elders had more artificial teeth (11.9 ± 6.5) than in the general population (8.6 ± 5.7). Mean numbers of teeth replaced by FDPs are more or less similar (3.6 ± 2.5 compared with 3.5 ± 2.4, respectively 7 ). In the general population, the highest percentage of promotions (77%) 7 were found for promotion to the functional level '≥ 10 teeth in each jaw,' whereas in the institutionalized populations the highest percentage (51%) was observed in promotions to the functional levels '≥ 10 teeth in each jaw' and 'sufficient premolar region.' In both the general and institutionalized populations, promotion values for PRDPs were higher than for FDPs, but per tooth added values were higher for FDPs.
Conclusions
Compared with a general population of adults in the Qingdao area, the prevalence of edentulousness and reduced dentitions among institutionalized elders was approximately three times higher. However, the present study demonstrated a high percentage of institutionalized elders with tooth replacements that enhanced oral functionality. Approximately half of these tooth replacements effectively met all criteria for a functional dentition. Similarities in the application of tooth replacements indicate an equal utilization level of prosthodontic care for institutionalized elders and community-dwelling elders.
